production in vessels of both groups, but the enhancement was significantly greater in aged than in young vessels (63.4 Ϯ 6.7 vs. 32.7 Ϯ 4.3 nmol ⅐ mg Ϫ1 ⅐ 30 min Ϫ1 ). Apocynin (100 mol/l) attenuated HP-induced increases in O 2 •Ϫ production in both groups, whereas allopurinol (100 mol/l) and N -nitro-L-arginine methyl ester (100 mol/l) inhibited the response only in aged vessels. Confocal microscopy showed increases in O 2 •Ϫ in response to HP in endothelial and smooth muscle layers of both groups, with much greater fluorescent staining in aged than in young rats and in the endothelium than in smooth muscle cells. No significant changes in NAD(P)H oxidase gene and protein expressions were observed in vessels of the two groups. Upregulation of protein expression of xanthine oxidase was detected in aged vessels. We conclude that NAD(P)H oxidase contributes importantly to HP-induced enhanced O 2 •Ϫ production in vessels of both young and aged rats, whereas xanthine oxidase and nitric oxide synthase-dependent O 2 •Ϫ production also contribute to the enhancement in mesenteric arteries of aged rats. endothelium; reactive oxygen species; NAD(P)H oxidase; xanthine oxidase; endothelial nitric oxide synthase uncoupling DIMINISHED NITRIC OXIDE (NO) bioavailability by increased superoxide (O 2
•Ϫ ) production is one of the major mechanisms responsible for the impaired endothelium-dependent vasodilator responses in hypertension and aging (13, 18, 29) . In experimental and human essential hypertension, activation of NADPH oxidase and xanthine oxidase are the two major sources responsible for the increased O 2 •Ϫ production (31) . Vascular O 2 •Ϫ can be also produced by endothelial NO synthase (eNOS) uncoupling, which further decreases NO synthesis and increases oxidative stress in hypertension (9, 19) . However, the mechanism of increased O 2 •Ϫ production in aged vessels is not well understood, and this may be complicated by accompanying pathological conditions. Similar to the endothelial dysfunction found in hypertension, a brief increase in intravascular pressure in isolated arterioles of young and normotensive rats reduced NO-mediated, flowinduced dilation through an increased O 2 •Ϫ production (16) . It was also demonstrated that high pressure or stretch enhances O 2 •Ϫ production via a protein kinase C-dependent activation of NAD(P)H oxidase (26, 32) . It is known that hypertension accelerates aging-related structural and functional changes in the vascular wall and reduces life expectancy (10); on the other hand, arterial aging further increases blood pressure in hypertension (2, 11, 23) . Thus it is interesting to examine whether arteries from aged animals are more susceptible to the damage caused by high pressure and whether the mechanisms involved in O 2
•Ϫ production are different from those in young animals. Furthermore, it has been demonstrated that hypertension, aging, or acute high pressure cause selective endothelial dysfunction (5, 16, 18, 29, 32) .
In the present study, we investigated the mechanisms that are responsible for O 2 •Ϫ production in response to acute increases in intravascular pressure in isolated arteries of young and aged rats, and we also aimed to identify the difference in O 2
•Ϫ production between the endothelial and smooth muscle cells.
MATERIALS AND METHODS
Isolated arteries. First-order mesenteric arteries (ϳ350 m in diameter and 10 -15 mm in length) were isolated from 6-and 24-moold male Fischer 344 rats (29) . Eight to ten arteries were isolated from each rat. Each vessel was used for only one experimental protocol. The vessels were cannulated in a perfusion chamber (4 ml) and perfused with MOPS-buffered (pH 7.4) physiological salt solution (PSS). All side branches along the vessels were carefully ligated to ensure no leakages. The intravascular pressure was then increased to 80 mmHg, and the vessels were equilibrated at 37°C for 60 min. All protocols were approved by the Institutional Animal Care and Use Committee of New York Medical College and conformed to the current guidelines of the National Institutes of Health and the American Physiological Society for the use and care of laboratory animals.
Nitroblue tetrazolium reduction assay. Vessels were incubated with nitroblue tetrazolium (NBT, 10 M) in different experimental conditions for 30 min to allow O 2
•Ϫ generated from vessels to reduce NBT to formazan, which was then dissolved in DMSO and determined spectrophotometrically at 630 nm (27) .
In the first protocol, we compared O 2
•Ϫ production in response to intravascular pressures of 80 and 180 mmHg in the mesenteric arteries of 6-and 24-mo-old rats. After the equilibration, NBT was administered intra-and extraluminally with intravascular pressures at 80 or 180 mmHg for 30 min. In a group of experiments, vessels were cannulated and pressurized at zero intravascular pressure for an hour and then NBT was administered. The reaction was stopped by the addition of 1 ml of 1 N HCl into the vessel chamber. The unreduced NBT dye was completely removed by repeated washing of the vessels intra-and extraluminally with cold (4°C) PSS. The vessels were then removed from the cannula and snap frozen in liquid nitrogen for further assays. Negative controls were established by the addition of SOD (100 U/ml) with NBT to the vessels for the same period of time.
In the second protocol, O 2 •Ϫ production in response to 180 mmHg of pressure was characterized by using different pharmacological inhibitors. Apocynin (Apo, 100 M), allopurinol (Allop, 100 M), and N -nitro-L-arginine methyl ester (L-NAME; 100 M) were used as specific inhibitors of NAD(P)H oxidase, xanthine oxidase, and NOS, respectively. Vessels were equilibrated at 80 mmHg for 60 min, followed by intra-and extraluminal administration of the inhibitors for 30 min. NBT was then administered with the inhibitors to the vessels, and the intravascular pressure was increased to 180 mmHg for 30 min. In one group of vessels, the effect of Apo on O 2
•Ϫ production was assessed at 80 mmHg.
Collected vessels were completely digested in 2 M KOH, and the protein content was then determined. The samples were further mixed with DMSO in a ratio of 1:1.2, and the absorbance at 630 nm (OD 630) was determined against a mixture of KOH and DMSO as a blank. Standard curves of NBT (0 -10 M) were constructed by using the mixture as a vehicle. The SOD-inhibitable NBT reduction was calculated by subtracting the average of the negative controls from all other samples. Final O 2
•Ϫ production was expressed as nmoles of NBT per milligram protein per 30 min of incubation time.
Western blot analysis. Isolated mesenteric arteries were homogenized in Laemmli buffer with a Pellet Pestle Mixer for 30 s followed by 2-min sonication and 5-min boiling. Samples were separated on a 10% SDS-PAGE gel and transferred on a polyvinyldifluoride membrane. The membrane was incubated with antibodies of Nox-1, gp91phox, or Nox-4 (Santa Cruz Biotechnology), xanthine oxidase (Novus Biologicals), or inducible NOS (iNOS, BD Transduction Laboratories) overnight at 4°C. The secondary antibody was conjugated to horseradish peroxidase according to the Amersham ECL-Plus protocol. ␤-Actin was used to normalize for loading variations.
RT-PCR.
In this series of experiments, the impact of increased intraluminal pressure on vascular NAD(P)H gene expression was assessed by comparison of gp91phox and Nox-4 mRNA at 80 and 180 mmHg pressure in rats of both ages. To match the pressure profile used in O 2
•Ϫ determination, vessels were incubated at 80 mmHg for 60 min, and then the intravascular pressure was maintained at 80 mmHg for another 60 min or increased to 180 mmHg for 10, 30, and 120 min, respectively. Vessels were then taken off the cannulas and immersed immediately into liquid nitrogen for determination of RNA. Freshly isolated vessels were used as controls. Total RNA of single vessels was purified using a mini RNA isolation kit (Zymo Research, Orange, CA). Reverse transcription was performed using 0.5 g RNA and Superscript II (Invitrogen) as per manufacturer's instructions. Done in duplicate, 10% of the RT product was used for PCR amplification in the presence of SYBR green, and increased fluorescence was determined in real time using a Stratagene Mx3000P (Stratagene, La Jolla, CA). Expression of gp91phox and Nox-4 was normalized using ␤-actin.
Confocal microscopy. O 2 •Ϫ formation in the endothelium and smooth muscle cells of mesenteric arteries were determined by dihydroethidium staining and confocal microscopy. Dihydroethidium (DHE, 1 M) was administered intra-and extraluminally at 80-and •Ϫ production in mesenteric arteries of 6-and 24-mo-old male Fischer rats in response to 0, 80, and 180 mmHg of intravascular pressure. *Significant difference vs. 6-mo-old rats. and #Significant differences vs. 0 and 80 mmHg, respectively. 180-mmHg pressures for 30 min. After extra DHE was washed out with cold (4°C) PSS, the vessels were cut longitudinally, removed from the cannula, and fixed in 4% paraformaldehyde for 20 min. After a brief wash in PBS, the vessel segment was adhered to glass slides with the endothelium facing up and coverslipped with antifading solution for fluorescent confocal microscopy (Bio-Rad MRC 1024ES/ Olympus 1ϫ70). With the use of a double-blind design, three images of the endothelial and smooth muscle layers were consistently obtained per vessel segment. All images were taken with an UPlanFI ϫ40 objective and identical program settings. A histogram of fullsized fluorescent images was then created to measure the total number and average intensity of red pixels. The product of these two values gives a total fluorescent intensity of the image measured, which corresponds to the level of O 2
•Ϫ . The final data were normalized by subtracting the fluorescence intensity in vessels treated with DHE at zero intravascular pressure for the same period of time.
Statistical analysis. Data are expressed as means Ϯ SE. Statistical significance was calculated by Student's t-test and by repeatedmeasures ANOVA, followed by the Tukey-Kramer multiple-comparison test. n refers to the number of rats from which mesenteric arteries were isolated. If more than one vessel of a rat was used in the same protocol, the average was obtained and counted as n ϭ 1. Significance level was taken at P Ͻ 0.05.
RESULTS
A total of 25 6-mo-old and 16 24-mo-old male Fischer 344 rats were used in this study. The average body weight for young and aged rats was 360 Ϯ 6 and 451 Ϯ 6 g (P Ͻ 0.05), respectively. The systolic blood pressure and heart rate in young and aged rats were 135 Ϯ 6 and 130 Ϯ 5 mmHg and 472 Ϯ 13 and 452 Ϯ 11 beats/min (n ϭ 6 rats in each group), respectively, measured with the tail-cuff method (IITC, Life Science). The average diameter of the first-order mesenteric arteries, at 80 mmHg of pressure, in young and aged rats was 356 Ϯ 10 and 373 Ϯ 9 m, respectively. No significant difference was found.
O 2 •Ϫ production as a function of aging and intravascular pressure in isolated mesenteric arteries is depicted in Fig. 1 , showing first that at zero intravascular pressure, O 2
•Ϫ production was not different between the two groups. At 80 mmHg, O 2 •Ϫ production in vessels of aged rats increased significantly more than in vessels of young rats, and the level of O 2 •Ϫ was significantly higher than at zero pressure only in vessels of aged rats. At 180 mmHg, O 2
•Ϫ production in both groups about doubled from the levels at 80 mmHg; however, the increase was significantly greater in vessels of aged than in young rats (ϳ16 vs. 29 nmol⅐mg Ϫ1 ⅐30 min Ϫ1 in young and aged rats, respectively). Overall, when the intravascular pressure increased from 0 to 180 mmHg, O 2
•Ϫ production increased threefold in vessels of young rats and sixfold in vessels of aged rats. These data clearly indicate that an increase in pressure enhances O 2
•Ϫ production in vessels and that vascular aging potentiates pressure-activated O 2
•Ϫ production. To identify the specific sources responsible for the enhanced production of O 2
•Ϫ , as a consequence of increases in intravascular pressure at both ages, vessels were treated with inhibitors of NAD(P)H oxidase, xanthine oxidase, or NOS, respectively. At 80 mmHg, Apo had no significant effect on O 2
•Ϫ production in young vessels (15.
Ϫ1
). At 180 mmHg of intravascular pressure, as shown in Fig. 2 , the increased production of O 2
•Ϫ in vessels of young rats ( Fig. 2A ) was inhibited by Apo but was not significantly affected by Allop and L-NAME, indicating that activation of NAD(P)H oxidase is responsible for the pressure-induced increase in O 2
•Ϫ . However, in vessels of aged rats (Fig. 2B) , not only Apo, but also Allop and L-NAME, significantly inhibited O 2
•Ϫ production, indicating that NAD(P)H oxidase, xanthine oxidase, and NOS are all contributing to pressure-activated O 2
•Ϫ production. Western blot analysis did not reveal significant differences in protein expression of Nox-1, gp91phox, and Nox-4 in vessels from rats of both ages, but protein expression of xanthine oxidase was significantly increased in vessels of aged rats (Fig. 3) . iNOS protein was undetectable in vessels of either group of rats (data not shown). Using similar pressure protocols, we found no significant changes in vascular expression of gp91phox and Nox-4 mRNA at different pressure steps or between young and old rats (Fig. 4) . Fig. 3. A and B: representative Western blot analyses of NADPH oxidase subunits Nox-1, gp91phox, and Nox-4, and xanthine oxidase (XO), respectively, in mesenteric arteries of 6-and 24-mo-old rats. ␤-Actin was used to normalize for loading variations. C and D: summarized data of three Western blot analyses (12 rats in each group). Data are normalized by means of densitometric ratios of proteins of interest and ␤-actin from vessels of 6-mo-old rats. *Significant difference vs. 6-mo-old rats.
Confocal microscopy of DHE staining was used to determine the O 2
•Ϫ production in endothelial and smooth muscle layers of vessels. The endothelial and smooth muscle cells were identified and fluorescence intensity of a single scanning layer was obtained (Fig. 5A) . Fluorescence intensity between the endothelial and smooth muscle layers within each age group was not significantly different. Fluorescence intensity increased significantly at 180 mmHg, compared with 80 mmHg, in the endothelial and smooth muscle layers of both 6-and 24-mo-old rats. Similar to the data shown in Figs. 1 and 2 , fluorescence intensity in the endothelial and smooth muscle layers was significantly higher in aged than in young rats (Fig.  5B) . Figure 5C further reveals that the percent increase in fluorescence intensity in the endothelial layers, in vessels of both groups, was significantly greater than in the smooth muscle layers and was also significantly greater in aged than in young vessels, implying that the endothelium plays a dominant role, particularly in aged vessels, in pressure-induced O 2
•Ϫ production.
DISCUSSION
In the present study, we provided evidence for pressureactivated and age-dependent increases in vascular O 2 •Ϫ . It is known that O 2
•Ϫ rapidly reacts with NO, thereby decreasing NO bioavailability (12) . Excessive O 2
•Ϫ production is, therefore, one of the major causes contributing to the development of endothelial dysfunction in cardiovascular disease states (14) . We found previously that a 30-min elevation of intravascular pressure reduces NO-mediated, flow-and agonist-induced dilations in arterioles of normal rats and that administration of SOD restored the responses (16, 32) , suggesting that elevation of pressure, even for a short period of time, can induce endothelial dysfunction. In the present study, we further compared arteries isolated from young and aged rats in response to acute high pressure and measured O 2
•Ϫ production directly from these vessels. We found that arteries of aged rats released significantly more O 2
•Ϫ than those of young rats. At 80 mmHg of intravascular pressure, which is the normal pressure of first-order mesenteric arteries in rats, O 2
•Ϫ released from arteries of young rats was not different from that released at zero pressure. In aged vessels, however, O 2
•Ϫ release was significantly increased and reached a level similar to that in young vessels at 180 mmHg. These data suggest that the sensitivity of aged arteries to intravascular pressure is increased and O 2
•Ϫ is released in these vessels, even at a normal pressure, to produce endothelial dysfunction. Indeed, we have previously demonstrated that at 80 mmHg of pressure, shear stress-induced dilation and release of NO in mesenteric arteries were reduced in aged rats (29) . Others have also shown increased O 2
•Ϫ and impaired endothelium-dependent vasodilator responses in aging humans (30) and rats (1, 5) . Furthermore, in the present study we found that in response to a brief period of high intravascular pressure, O 2
•Ϫ produced in aged arteries was twice as great than that produced in young arteries. Undoubtedly, this excessive O 2
•Ϫ will have a further deleterious impact on what is already an existing endothelial dysfunction in aged vessels.
The mechanisms responsible for pressure-activated O 2 •Ϫ release in the vasculature have not been well documented. The body weight in aged rats was greater than that in young rats, but the diameter of vessels used in the experiments was not different between the two groups. Therefore, it is unlikely that the O 2
•Ϫ production in response to pressure was due to the influence of body weight. In isolated first-order mesenteric arteries, there was only a minimal pressure-induced myogenic constriction and the arterial diameter reached a plateau after the intravascular pressure was increased to 80 mmHg (28) . O 2
•Ϫ production, however, was increased in response to high pressure in arteries of young and aged rats, whereas at a normal pressure (80 mmHg) it was increased only in aged arteries. In this context, pressure-induced O 2
•Ϫ production is not related to the changes in vascular diameter. On the other hand, lines of evidence show that cyclic or sustained stretch (26) , and turbulent flow or oscillatory shear stress increase oxidative stress (17) . Together, these data suggest that multiple signaling pathways are involved in mechanical force-induced O 2
•Ϫ formation. NAD(P)H oxidases are the major source of O 2
•Ϫ in the vascular wall. Increased evidence indicates that NAD(P)H oxidases have distinct subcellular localization and are associated with mechanotransduction components, such as the cytoskeleton, focal adhesion sites, and caveolae (15, 22) . However, whether Fig. 4 . Expression of gp91phox (A) and Nox-4 (B) mRNA in mesenteric vessels exposed to 80 and 180 mmHg for 10, 30, and 120 min, of 6-and 24-mo-old rats. Controls were freshly isolated vessels without pressure treatment. Quantitative RT-PCR was used to determine expression of gp91-phox and Nox-4 relative to ␤-actin expression as described in MATERIALS AND METHODS.
these cellular components are involved in pressure-induced activation of NAD(P)H oxidases is not known. Recent studies indicate that the signaling cascade of high pressure-induced NAD(P)H oxidase-dependent O 2
•Ϫ production involves an increase in intracellular Ca 2ϩ and protein kinase C phosphorylation (21, 32) . This finding is congruent with a previous report showing that mechanosensitive production of reactive oxygen species is linked to calcium-dependent myogenic constriction in arterioles (25) . On the other hand, cytosolic Ca 2ϩ level can in turn, be increased by O 2
•Ϫ per se through the mobilization of intracellular Ca 2ϩ stores and/or through the influx of extracellular Ca 2ϩ , a positive feedback that further accelerates oxidative stress of the vessels (6) . Nevertheless, we found that the sources of O 2
•Ϫ in arteries of young and aged rats were distinct. In vessels of young rats, NAD(P)H oxidase contributes to the high pressure-induced O 2
•Ϫ production. In vessels of aged rats, however, NAD(P)H oxidase, xanthine oxidase, and eNOS all contribute to the augmented production of O 2
•Ϫ , since not only Apo, but also Allo and L-NAME, inhibit the responses.
A role for NAD(P)H oxidase in the age-dependent potentiation of oxidative stress and endothelial dysfunction has been well documented (13) . Inhibition of NAD(P)H oxidase decreases O 2 •Ϫ production and improves endothelial function. However, increased NAD(P)H oxidase-dependent oxidative stress in aged vessels is not necessarily coupled with an increased protein expression of the enzyme. Csiszar et al. (5) demonstrated previously that NAD(P)H oxidase subunits p47phox, p67phox, Nox-1, and p22phox were not increased in coronary arterioles of aged compared with young rats. Similarly, in the present study, protein and gene expressions of NAD(P)H oxidase were not different in mesenteric arteries of the two groups of rats. Thus pressure-induced increases in the activity of NADPH oxidase in aged mesenteric arteries is suggested. Indeed, at 80 mmHg, Apo inhibited O 2
•Ϫ production in only aged vessels. At high pressure, Apo decreased O 2
•Ϫ production significantly more in vessels of aged than that of young rats (Fig. 2) . This is different from hypertension-induced activation of NADPH oxidase, where both protein expression and activity of the enzyme are increased (13) . Acute high pressure-induced activation of NAD(P)H oxidase in aged vessels is more likely due to posttranslational modulation of the enzyme via altered mechanotransduction in the vascular wall. It is known that activation of NAD(P)H oxidase requires assembly of the enzyme subunits on the plasma membrane or intracellular vesicles (15) . It has also been demonstrated that high pressure increases the phosphorylation of p47phox that facilitates association of the membrane-bound and cytoplasmic subunits of NAD(P)H oxidase and the activity of the enzyme (32). However, whether structural changes in the wall of aged arteries, such as arterial stiffness, will facilitate pressure-in- duced mechanotransduction, thereby enhancing the activation of NAD(P)H oxidase, needs to be further explored.
In addition to the activity of NAD(P)H oxidase, the increased O 2 •Ϫ in response to high pressure was significantly contributed to by xanthine oxidase and NOS in aged arteries, as evidenced by the inhibitory role of Allo and L-NAME (Fig. 2) and a more than twofold increase in xanthine oxidase expression (Fig. 3) . Xanthine oxidase has been implicated to be a major source of oxidative stress in certain disease conditions, such as heart failure (20) . In vascular aging, the role of xanthine oxidase-dependent oxidative stress is unclear. A recent human study reported that impaired flow-induced dilation in brachial arteries was not restored by administration of Allo, suggesting that endothelial dysfunction in older individuals is not xanthine oxidase related (7) . In the aorta and kidney of aged rats, however, xanthine oxidase activity and expression were increased (4, 24) . In line with these findings, our data indicate that vascular oxidative stress in aging, at least in rats, is dependent, at least in part, on xanthine oxidase. In our previous study, we found that in mesenteric arteries of aged compared with young rats eNOS activity was reduced, whereas eNOS expression was not (29) . Previous studies have documented the existence of iNOS mRNA and protein expression in aorta and coronary arteries of aged rats (3, 5) . To clarify whether iNOS is involved in the inhibitory role of L-NAME in superoxide production, we assessed iNOS protein in the arteries. Concomitantly, we found iNOS was not detectable in mesenteric arteries of rats. Together, the data suggest that eNOS, the predominant NOS isoform in the vasculature, when uncoupled, is the most probable source of O 2
•Ϫ . This is further suggested by the fact that L-NAME reduced the pressureinduced O 2
•Ϫ production. Evidence for eNOS uncoupling has been obtained in cultured endothelial cells and different animal models (9). Landmesser et al. (19) reported that increased O 2
•Ϫ production in DOCA-salt hypertension was inhibitable by L-NAME and that the fundamental mechanism for eNOS uncoupling was the oxidation of tetrahydrobiopterin, a critical cofactor for NO synthesis. Therefore, NAD(P)H and xanthine oxidase-dependent oxidative stress in aged vessels may enhance oxidation of tetrahydrobiopterin, which may well lead to eNOS-dependent O 2
•Ϫ production in response to high pressure. Other studies have also demonstrated that oxidative stress increases the oxidation of eNOS and decreases the dimerto-monomer ratio of the enzyme, resulting in eNOS uncoupling (35) .
Using confocal microscopy and en face preparation of mesenteric arteries, we provided evidence (Fig. 5) indicating that both vascular endothelial and smooth muscle cells are sources of high pressure-and age-related release of O 2
•Ϫ . These studies also revealed that, at a given confocal scanning layer, the endothelium is more sensitive to high pressure-induced O 2
•Ϫ production, which was demonstrated by a greater percent increase in O 2
•Ϫ production in the endothelium than in smooth muscle. It is therefore reasonable to suggest that an excessive O 2
•Ϫ production, particularly in the endothelium, will cause a severely diminished NO bioavailability and impaired endothelium-dependent, NO-mediated vasodilator responses in high pressure-treated arterioles (16, 32) . We also speculate that the increased susceptibility to high pressure of the endothelium of aged arteries, as evidenced by the greater O 2
•Ϫ production, may also occur in other pathological conditions, such as hypertension, resulting in endothelial dysfunction. This study elucidates the specific interaction between a brief increase in intravascular pressure and age in the regulation of vascular O 2
•Ϫ production. The results demonstrate that aging and high pressure act synergistically to cause a greater increase in O 2
•Ϫ production, particularly in the endothelium. Thus, in response to high pressure and aging, excessive O 2
•Ϫ production in the endothelium could diminish NO bioavailability and cause endothelial dysfunction. Accordingly, the use of antioxidants to reduce oxidative stress in various pathological conditions and aging would be a reasonable therapeutic strategy. However, clinical trials of vitamin E supplementation have shown not to have significant effects on cardiovascular outcomes (34) . A recent study further revealed that chronic antioxidant supplementation impairs endothelial function by increasing eNOS uncoupling (33) . Apparently, antioxidant supplementation alone is not sufficient enough to decrease vascular oxidative stress. However, based on our results, multiple mechanisms, including NAD(P)H oxidase, xanthine oxidase and eNOS-dependent O 2
•Ϫ production, are involved in endothelial dysfunction in aged vessels. Will a therapeutic strategy that combines antioxidants with other agents that enhance eNOS function, such as supplementation of BH4 to prevent eNOS uncoupling, improve clinical outcomes? Based on our study, the increased susceptibility of aged vessels to high pressure, by producing more O 2
•Ϫ , suggests that the prevention of acute increases in blood pressure, which could be caused by a variety of factors, will reduce the possibility of additional damage to endothelial function in the elderly.
